Abstract: Endometrial ablation (EA) is targeted destruction of the endothelial surface of the uterine cavity. The procedure was originally designed as a less invasive alternative to hysterectomy for the symptom of heavy menstrual bleeding unrelated to structural pathology of the uterus, that was not responsive to medical therapy. More recently it has become apparent that the procedure can be performed in the presence of submucous leiomyomas, providing they meet a number of size and location criteria. The first EA serie as published in Germany in the 1930s, but the procedure did not attract much attention until the latter part of the 20th century. Currently, EA can be performed under endoscopic direction with the neodymium:yttrium alumnum garnet laser, with a radiofrequency resectoscope, or with an expanding array of nonresectoscopic EA systems. It is apparent that most but not all of the complications associated with resectoscopic endometrial ablation are eliminated with nonresectoscopic endometrial ablation, but serious morbidity has been reported with all of the newer systems to date. Success and patient satisfaction seem to be enduring in the majority of well-selected patients treated in clinical trials, but repeat surgery, usually hysterectomy, is performed in 25% to 40% by 5 years after surgery. Increased efficiencies should be realized if the procedure could be moved to an office setting.
Introduction
The concept of surgical destruction of the endometrial lining for the treatment of abnormal uterine bleeding (AUB) is not new. A monopolar radiofrequency electrosurgical probe inserted blindly into the uterus was the subject of a series published by Bardenheuer, 1 from Germany, in 1936. However, the world seemed to forget about this approach to the clinical problem of heavy menstrual bleeding (HMB) for more than 30 years when cryotherapy of the endometrium for AUB was first introduced 2 and then subjected to clinical evaluation. 3, 4 It was more than a decade until the introduction of endoscopically guided techniques for endometrial ablation (EA), first using a hysteroscope to directed neodymium: yttrium alumnum garnet (Nd:YAG) laser energy to coagulate and vaporize the endometrium 5 and then the urologic resectoscope to remove endometrial tissue with a radiofrequency (RF) electrosurgical loop electrode. 6 For 15 years resectoscopically directed EA was the principal method used for performing targeted removal and/or or destruction of the endometrium, but, beginning in the late 1990s, a number of nonresectoscopic techniques, conceptually similar to those first introduced in the 1930s, began to appear. Today, a virtual plethora of nonresectoscopic systems are available to the gynecologist for the treatment of AUB by targeted destruction of the endometrium. This manuscript is designed to review these techniques including their relative merits and vulnerabilities as well as the results of clinical trials that have been published to date. However, a discussion of the clinical problem of AUB is necessary to help frame the discussion of the appropriate role of EA in contemporary gynecology.
THE CLINICAL PROBLEM: WHAT ARE WE TRYING TO SOLVE?
In the endometrium of normal ovulatory women, in the absence of conception and embryonic implantation, the systemic withdrawal of corpus luteum-derived estradiol and progesterone triggers menstrual bleeding or menstruation. The mechamism is initiated in part by the induction of spiral artery vasoconstriction modulated by locally produced agents such as prostaglandin (PG) F2a [7] [8] [9] and endothelin-1 (ET-1), known to exist in abundance in the premenstrual endometrium. [10] [11] [12] The resulting endometrial ischemia, probably aided by local proteolytic activity from matrix metalloproteinases [13] [14] [15] and other local factors such as nitric oxide, 16, 17 results in sloughing of the functional layer of the endometrium. Endometrial hemostasis is largely reliant upon local vasoconstriction, which, in turn is dependent upon the local concentrations of the same vasoactive agents that initiate endometrial ischemia. It is apparent that PGs such as PGE2 18 and PGI2, 19 with vasodilating activity, are also measurable in the endometrial stroma, production that is likely independent of progesterone and probably related to estradiol and other local factors. 19 Consequently, an appropriate balance of such vasoconstricting and vasodilating agents and/or their receptors must be maintained to facilitate normal endometrial hemostasis. Indeed increased local levels of PGI2, 20, 21 the ratio of PGI2 to thromboxane, 22 and elevated levels of PGE2, 23 PGE2 receptors, 24 and the ratio of PGE2 to PGF2a 20 have been demonstrated in women with ovulatory HMB.
Heavy bleeding that occurs during the reproductive years and unassociated with pregnancy, structural pathology of the uterus, systemic disorders of hemostasis, or iatrogenic causes, has been assigned a variety of different names-HMB, menorrhagia, hypermenorrhea, and dysfunctional uterine bleeding (DUB)-a somewhat bewildering array of nomenclature that is the root cause of both confusion in the interpretation of clinical trials and the application of their results to patient populations. Some use one or more of these terms to describe a symptom, whereas others may use the same descriptor to define a diagnosis.
Heavy bleeding in the context of predictable, cyclical (every 22 to 35 d) and, presumably, ovulatory cycles, is often called menorrhagia, but as a symptom it may reflect a variety of systemic and local disorders that may require substantial differences in investigation, treatment, and patient counseling. Such heavy bleeding may be secondary to submucosal leiomyomas or adenomyosis, and is associated with Endometrial Ablation: Where Have We Been? Where are We Going?a surprisingly high incidence of systemic disorders of coagulation; 13% of women with ''menorrhagia'' have hematologic evidence of von Willebrand disease. 25, 26 When cyclical HMB occurs unrelated either to such abnormalities, or to medical therapy (including intrauterine progestins) it is often called ovulatory DUB. The endometrium of such women looks macroscopically and histologically normal, but, as previously described, tends to contain excessive vasodilating PGs (E2 and I2) and other factors that distinguish the endometrial milieu of normally menstruating women from those with cyclical HMB. For example, enhanced fibrinolysis may impede the attainment of local hemostasis and has been demonstrated in women with ovulatory DUB, 27, 28 who generally respond favorably when antifibrinolytic agents such as tranexamic acid are employed. 29, 30 Nitric oxide, another potent vasodilator is also found in excessive concentrations in the endometrium of ovulatory women with HMB 31 and ET-1, a vasoconstrictor important for endometrial hemostasis, is found in lower concentrations in the endometrium of women with heavy uterine bleeding. 32 AUB in women who are frequently or usually anovulatory is related to the absence of the cyclical production of progesterone, and, as such, is a systemic disorder involving or impacting the hypothalamic-pituitary-ovarian axis. Such bleeding varies in frequency, timing, and flow but may be heavy, in part because of the lack of progesteronemediated vasoconstricting agents such as PGF2a 33 and, in all likelihood, ET-1. There is very little information regarding the pathogenesis of AUB in women with submucosal leiomyomas. Although it seems likely that myomas would generally contribute to the genesis of AUB only if involving the endometrial surface, there is currently no clear understanding of the mechanisms involved in myoma-related bleeding.
THE CLINICAL PROBLEM: WHAT INTERVENTIONS ARE AVAILABLE?
For women with chronic HMB, part of the therapeutic decision-making process is based on desires regarding fertility, either immediately, or for the foreseeable future. For those who wish to become pregnant immediately, or who suffer from infertility in addition to the HMB, approaches that temporarily or permanently remove the ability to conceive and support a pregnancy are not acceptable. For those who are uncertain, or who wish to maintain the ability to bear children, interventions that impact fertility are acceptable and are frequently even desirable, but they must be reversible. The woman who has no desire for fertility, either now or in the future, has, at her disposal, all options, not only those medical approaches that allow for future fertility, but, as well, surgical interventions that inherently destroy or remove the endometrium and a variable amount of the rest of the uterus, thereby effectively preventing the woman from implanting and carrying a pregnancy.
For all women with HMB, either ovulatory or anovulatory, there exist a number of frequently effective medical interventions. For women with ovulatory DUB (HMB), options include nonsteroidal anti-inflammatory agents, antifibrinolytics, cyclical or continuous oral contraceptives, and continuous, single agent progestins, especially when administered locally via an intrauterine system (IUS) such as the levonorgesterol releasing intrauterine system (LNG-IUS). Women with chronic anovulatory HMB may respond to combination oral contraceptives or the cyclic administration of oral progestins alone.
When medical therapy is not tolerated, or is ineffective, surgical interventions may be considered, especially if the woman is willing to forego future fertility. For women with heavy uterine bleeding, EA represents a surgical option to hysterectomy with the advantages of short hospital stay, absence of surgical incisions, and subsequent rapid return to normal activity. However, EA does not at present guarantee amenorrhea or the relief of other HMB-related symptoms, a fact that leads many women undergoing EA to resort to hysterectomy because of unsatisfactory outcomes.
Resectoscopic Endometrial Ablation (REA)

TECHNIQUES
Destruction of the endometrial lining under endoscopic guidance was originally described using the Nd:YAG laser through the instrument channel of an operating hysteroscope. 5 However, the modified urologic resectoscope and RF alternating current later became the most commonly used instrument, first employing a resection technique with a loop electrode 6 and then using electrosurgical desiccation/coagulation with a ball or barrel-shaped electrode. 34 Subsequently, another modification was introduced using grooved or spiked electrodes and higher wattage that allowed the surgeon to electrosurgically vaporize the endometrium. 35, 36 This technique results in an endomyometrial furrow similar to that created by a loop electrode, without the development of tissue ''chips,'' but a slightly greater degree of coagulation in the adjacent tissue, a feature that has been shown in the context of a comparative trial to be associated with markedly reduced systematic absorption of distension media. 37 Patients treated with vaporization had a mean distending media deficit of 109 mL ( ± 126) versus 367 mL ( ± 257) for those who underwent loop resection. Furthermore, only 1 of 47 patients undergoing vaporization had a fluid deficit over 500 mL whereas those who were treated with resection had such a deficit in 14 of 44 cases. Clinical outcomes including patient satisfaction with therapy as well as bleeding patterns and duration of flow were similar between the groups.
MEDICAL PREPARATION OF THE ENDOMETRIUM BEFORE EA
Thinning the endometrium by direct suppression and/or inhibition of ovarian steroidogenesis has been seen as a presurgical adjuvant that has the potential to improve clinical outcomes. There exists high-quality evidence described in a Cochrane review (class I evidence) that demonstrates that either preoperative danazol or GnRH agonists result in shorter procedures, greater ease of surgery, a lower rate of postoperative dysmenorrhea, and a higher rate of postsurgical amenorrhea. 38 Whether the short-term doubling in amenorrhea rates associated with adjuvant medical suppression is sustained for multiple years is not known. A cost effectiveness analysis of endometrial suppression with danazol compared with GnRH agonists has suggested that total healthcare costs may be greater with GnRH agonists. 39 However, the study also concluded that amenorrhea rates were slightly higher in the GnRH-treated group, and that study withdrawals were greater in the danazol group, a factor that may have skewed the results of the analysis. At this time, there are no high-quality data that allow for objective evaluation of similar outcomes associated with other preoperative approaches such as system progestins or mechanical preparation of the endometrium with currettege. Evidence to be discussed subsequently suggests that systemic media absorption may be less with preoperative GnRH agonists. The highest quality evidence evaluating hysteroscopic and resectoscopic EA comes from randomized clinical trials (RCTs) and systemic reviews. At this time there exist 6 randomized studies comparing EA to hysterectomy; 4 from the United Kingdom, [40] [41] [42] [43] 1 from Italy, 44 and 1 from North America. 45 Each of these trials have, in addition, resulted in a number of important additional publications comparing hysterectomy to EA and the first 5 comprise the core of the Cochrane systematic review. 46, 47 Hysterectomy is, of course, superior in attaining amenorrhea, and, although satisfaction with REA is high, there are usually somewhat greater patient satisfaction rates when the uterus is removed. It should be noted that women probably vary with respect to their desires with respect to amenorrhea-some see it as a primary goal whereas others would prefer to continue to menstruate, albeit with normal flow. 48 Women who received REA had shorter hospital stays, fewer postoperative complications, and resumed activities earlier than those with hysterectomy. For women assigned to EA, reoperation rates, either with repeat ablation or hysterectomy, increased steadily over time; up to about 30% to 40% at 4 years of follow-up in the 2 studies with such a long follow-up interval. 45, 49 Both hysterectomy and EA (either laser or resectoscopic) were associated with positive outcomes with respect to mental health, depressive symptoms, and, importantly, there were no apparent differences in postprocedural sexual function.
A potential advantage of EA is a reduction in the utilization of resources, both for healthcare systems and for patients. In some of these trials there has been an opportunity to compare the direct and indirect resources that were used to accomplish the 2 types of procedures. In the Aberdeen randomized trial the direct costs of EA were about half that of hysterectomy within months of the procedure. 49 However, as the frequency of visits and reoperation increased, the two approaches became virtually equivalent at 4 years. Nevertheless, although indirect costs vary widely with the patient's economic situation, the Aberdeen trial suggests that it is likely that those associated with EA likely remain substantially lower than for hysterectomy.
Application of these conclusions to the North American population of women should be done with caution. Besides cultural and socioeconomic differences related to dissimilarities in healthcare systems, the dominant procedure performed in all but the Italian study was (Abdominal Hysterectomy). In North America, many, if not most such women are treated with vaginal hysterectomy, an approach that could have a significant impact on a number of these outcome variables. Furthermore, it is not clear that North Americans and Europeans are consistently similar in their definitions of HMB and, consequently, the women selected for surgical therapy. A federally funded randomized trial has now completed recruitment (the Surgical Treatments Outcomes Project for Dysfunctional Uterine Bleeding or STOP-DUB) with initial, 2 to 4-year results expected to be published in 2006. 45, 50 There is a paucity of randomized trials comparing the different techniques of REA. In the randomized trial conducted by the Aberdeen group, patients assigned to EA were subsequently randomized to either laser ablation or endometrial resection. 51 Although both procedures were associated with similar patient satisfaction and clinical outcomes at 12 months, laser ablation was significantly more expensive, largely due to the longer procedure time.
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COMPLICATIONS OF REA
A measure of the safety of any procedure is found in the incidence of complications discovered either intraoperatively or later, in the postoperative time frame. For EA, the most serious complications are distension media overload and uterine perforation with subsequent damage to surrounding structures. Other complications include those related to anesthesia, failed access, and hemorrhage. A prospectively performed Dutch evaluation of 87 hospitals reported that complications occur rather infrequently with one-half either cervical trauma or uterine perforation, both related to entry into the endometrial cavity. 52 The largest published evaluation of resectoscopic complications reflects the experience of the United Kingdom and suggests that techniques involving endometrial resection are most often associated with serious complications secondary to hemorrhage or perforation. 53 This study also documents that experience is an important variable as these complications were most commonly encountered in the first 100 cases of a given surgeon. As a result, the low incidence of complications found in the literature from series and trials may not reflect the risk in the population at large because of the expertise and experience of most published investigators.
Distension media are required of hysteroscopic and resectoscopic surgery, and, on occasion, substantial volumes of such media can be absorbed into the systemic circulation. Standard electrosurgical operative hysteroscopy requires that electrolyte-free, low viscosity solutions be used such as 3% sorbitol, 1.5% glycine, 5% mannitol, and combined solutions of sorbitol and mannitol, each of which, if sufficiently absorbed into the systemic circulation, will result in dilutional hyponatremia and, with the possible exception of mannitol, hypo-osmolality. 54, 55 These electrolytefree fluids can result in hyponatremia, hyposmolality, and subsequent brain edema and, in some instances, permanent neurologic damage or death. Such outcomes may be more common in premenopausal women because of the inhibitory impact of estrogen and progesterone on the brain's sodium pump, making such women more vulnerable to cerebral edema. 56 As a result, appropriate fluid management is critical to the safety of resectoscopic and operative hysteroscopic surgery. The development of hysteroscopic electrosurgical systems that can operate in electrolyte-rich media such as normal saline has provided an opportunity to eliminate the risk of hyponatremia, 57, 58 but risks of fluid overload remain.
The volume of systemically absorbed distension media may be reduced with the preoperative use of GnRH analogs 56, 59 and/or with the immediate preoperative administration of dilute intracervical vasopressin. 60 There exist a number of other measures that should reduce the extent of systemic intravasation that include operating at the lowest effective intrauterine pressure and avoidance of preoperative overhydration. Early detection of intravasation is enhanced by adherence to a strict fluid measurement and management protocol that preferably includes an automated system that measures fluid inflow and captures fluid from 3 sources: the resectoscope, the perineal collection drape, and the floor. Such systems allow for real-time measurement of systemic intravasation of distension media. The management of intraoperatively recognized excessive intravasation varies according to the patient's baseline medical condition, her intraoperative assessment, the status of the procedure, and the amount of measured fluid intravasation. If the deficit reaches a predetermined limit, which, depending on the patient's baseline status could range from 750 to Endometrial Ablation: Where Have We Been? Where are We Going?1500 mL, serum electrolytes are measured and furosemide is given intravenously, 10 to 40 mg. Should the serum sodium fall below 125 mEQ/L, or should the deficit reach 1500 to 2000 mL, the procedure is expeditiously terminated.
Shortly after the introduction of REA, postablation tubal ligation syndrome was first described as a complication of EA performed in women with previous tubal occlusion for purposes of contraception. 61 Patients experience cyclical pelvic pain presumably related to residual and trapped endometrium in one or both cornua. The incidence of this syndrome is unclear but has been reported to be as high as 10%. 62 Hysteroscopic decompression and laparoscopic salpingectomy are frequently not effective and hysterectomy has been described as the most effective treatment. 62 
FACTORS AFFECTING OUTCOME OF REA
As is the case with most surgical procedures, clinical outcomes of REA seem to be related to a number of patient-specific and surgeon-specific factors. Women 45 and older seem to be less likely to have subsequent hysterectomy and more likely than those under 45 to be amenorrheic and satisfied with their outcome. 63, 64 Surgeon experience and/or ability also seem to be important. In one study, the subsequent hysterectomy rate was 12.6% when endometrial resection was performed exclusively by the consultant surgeon compared with 38% if all or part of the procedure was done by a trainee. 63 The presence of adenomyosis has also been associated with an increased risk of REA failure 65 and has been found in up to 75% of post-EA hysterectomy specimens. 66 There is some evidence that with increasing depth of resection and ablation, the failure rate with deep hysteroscopic resection drops to as low as 5%, a result that may reflect more complete removal of adenomyosis. 67 Although failures may be higher in women with larger uteri and correspondingly larger endometrial cavities at least in experienced and able hands, success rates in uteri greater than 12 gestational weeks size may be equivalent to that of women with smaller sized uteri. 68 An early concern about EA was the potential for delaying the diagnosis of a subsequent endometrial carcinoma. However, it seems clear that those women who have been reported to develop endometrial malignancy after EA are those who have the usual risk factors for endometrial hyperplasia. 69 Consequently, women who are at enhanced risk for endometrial hyperplasia because of chronic anovulation may be counseled that they will remain at greater risk than ovulatory women for developing such a disorder after EA. In such instances, it may be wise to consider the use of an intermittent progestational agent.
Nonresectoscopic Endometrial Ablation
A number of factors contributed to the development of alternative methods for destruction of the endometrium. Achievement of optimal clinical outcomes with REA, including low complication rates, requires substantial skill and experience on the part of the surgeon. The requirement for anesthesia and relatively sophisticated equipment both for performing the procedure and monitoring fluid balance contribute to a need to perform these procedures in a resource-intense setting, usually a hospital or surgical center operating room. Nonresectoscopic endometrial ablation (NREA) refers to destruction of the endometrium using any of a number of techniques or devices placed within the endometrial cavity that do not require a uterine resectoscope (Fig. 1 ). These systems require less training, skill, and experience than REA, and, as will be seen below, result in clinical outcomes similar to those achieved by expert surgeons. Such nonresectoscopic techniques are additionally attractive because they are relatively rapidly performed, there is a low risk of uterine perforation, a reduced or eliminated risk of systemic fluid absorption, and a potential for office or clinic use thereby reducing resource utilization. Nonetheless, as is the case for any surgical device, complications can occur with NREA techniques. A review of the Food and Drug Administration's (FDA) Manufacturer and User Facility Device Experience database, found reports of uterine perforation in all of the NREA devices on the market at that time including at least one bowel injury in 3 of the 4. 70 Although these devices are associated with a high degree of success, each has intrinsic advantages and disadvantages that include a variable ability to destroy FIGURE 1. NREA devices counter clockwise from top left: Microprocessorcontrolled balloon thermal ablation devices including Thermachoice, Cavaterm, showing the original balloon, left, and the 2 currently available balloons, right; Themablate; the Her option, a single use cryotherapeutic technique that is performed under ultrasound direction by the surgeon; MEA, a reusable microwave device that uses temperature as an endpoint but which is surgeon controlled (the original reusable probe top and the disposable Femwave probe, bottom); HydroThermablator, a single use free fluid thermal technique that is hysteroscopically directed with the therapeutic endpoint microprocessorcontrolled; NovaSure, a single use, microprocessor-controlled bipolar RF probe that vaporizes and desiccates the endometrium. the endometrium in endometrial cavities that are distorted by leiomyomas (Table 1) .
BALLOON THERMAL ABLATION
The first system that received FDA approval was based on the principal of positioning a balloon in the endometrial cavity, distending it with fluid, and then heating that same fluid to a temperature that results in destruction of the endometrium. The first experience with the Thermachoice (TC) system was published in 1994 71, 72 and the device was approved for use in the United States in December 1997. There are now 3 other balloon ablation systems available in at least some regions worldwide (Table 1) .
Cavaterm
The Cavaterm balloon ablation device (Wallsten Medical SA, Morges Switzerland) has been in use for more than a decade in Europe and a number of other countries, but it is, at this time, still not available in the United States. The original single use catheter had an outside diameter (OD) of 8.5 mm and a cylindrical silicone balloon that was adjustable according to the length of the endometrial cavity. The newer, modified version is called Cavaterm Plus and has a reduced OD (6 mm) and a preshaped adjustable balloon, designed to facilitate intimate contact with the endometrial surface. The Cavaterm system uses an oscillating pump located in the central control unit to vigorously circulate the fluid inside the balloon thereby delivering consistent temperature throughout the endometrial cavity. With Caviterm Plus, the target balloon temperature was increased to 781C from 751C and the pressure in the balloon was increased from 200 to 220 mm Hg to 230 to 240 mm Hg, thereby allowing a reduction in the treatment time from 15 to 10 minutes. Power to the Cavaterm controller is provided by a rechargeable battery. Instructions for use limit treatment to normal endometrial cavities that measure from 4 to 10 cm, from the internal os to the fundus, rather than the sounded length from the external os to the fundus, which is used as the parameter for the TC and Menotreat devices. The manufacturer also contraindicates use of the device when the cervical canal is more than 6 cm in length.
There exist a number of published series evaluating the Cavaterm device but most have rather small cohorts. A number of the reports emanate from 1 group, with the most recent update describing 106 of the 117 originally treated women 10 to 49 months after treatment. 73, 74 The hysterectomy rate during the follow-up period was 8.6% (10/116) with 7 cases associated with submucosal leiomyomas. The amenorrhea rate was 29.4% but 7 of these patients were postmenopausal at the time of follow-up. Satisfaction with therapy was reported as excellent by 91.5% of the study subjects. The largest study to date reported on 220 patients treated with the Cavaterm Plus device, with follow-up for an average of 19 months. 75 The satisfaction rate at the end of the follow-up interval was 83%. Another study of 50 patients followed for an average of 14 months (range, 6 to 24 mo) reported a short-term success rate of 96%, with 68% of patients developing amenorrhea, 24% with spotting, 4% eumenorrhea, and 4% failures. 76 The Cavaterm study with the longest followup interval reported on 60 women with DUB at least 48 months after balloon ablation with the Cavaterm plus system. 77 In this cohort 58% were reported to be amenorrheic, 33% hypomenorrheic, and 9% with eumenorrhea.
Menotreat
The MenoTreat device is another balloon ablation device that has limited distribution. It is not available in the United States. Like Cavaterm and TC, the device comprises a disposable catheter, a dedicated controller unit, and a connecting cable. The OD of the MenoTreat is such that the cervix has to be dilated to 8 mm for insertion of the balloon catheter; the duration of treatment 11 minutes, treatment temperature is 851C, and the balloon pressure is set at 200 mm Hg. Currently unique to balloon ablation systems is the ability to tailor the therapy to cavity dimensions as there are catheters of 2 different sizes. The device also differs from the Cavaterm and the TC in that the fluid is heated within the controller, not the balloon catheter. At present there are only 2 published prospective evaluations. In one, a cohort study, 84.3% of the patients had at least a 50% reduction in bleeding [based on pictoral blood loss assessment charts (PBAC)] at 6 months after the procedure. 78 The other is a RCT comparing Menotreat with Cavaterm, but again with 6-month results. 79 Patient satisfaction and bleeding outcomes were similar for the 2 devices.
Thermablate
The EA system most recently introduced and available in a number of countries is called Thermablate (MDMI, Richmond, BC, Canada) and comprises a disposable, prefilled catheter-balloon cartridge and a reusable hand-held treatment control unit. The unit runs on direct current via a transformer that converts alternating current from a standard wall outlet. The controller heats the glycerinecontaining fluid in the cartridge that is then forced through the catheter into the balloon by a pump that drives air into the heating chamber. Treatment time, pressure, and temperature as well as safety checks are microprocessor controlled via the heating, pumping, and pressure monitoring systems. The cervix is dilated to 6 to 7 mm to allow access of the catheter. Treatment temperature is much higher than the other units (1731C), the pressure is similar (180 mm Hg), and resulting treatment time is shorter (128 s). Elevated temperature is possible because the glycerine solution has a much higher boiling point. The limited testing has involved sounded uterine lengths of 7.0 to 9.5 cm. There is only one available cohort study with a small sample size of 16 patients with results reported at 6 months. 80 Amenorhea was experienced by half the patients and 15 of 16 were satisfied with the results. There have been a number of other presentations of data related to this device but most still have not been published.
TC TC (Ethicon Women's Health and Urology, Sommerville, NJ) is the balloon ablation system available in the United States and a number of other countries throughout the world. The 3 approved versions of the device are called TC, TC II, and TC III, with the latter device the one that is currently marketed, at least in the United States. Despite this, the available clinical data, particularly those that reflect long-term outcomes are from studies using the original device. Each system comprises a single use balloon catheter, a connecting cable, and a dedicated controller unit that is powered from a standard alternating current wall outlet. The OD of the catheter for each system is 5.5 mm and the heating element is contained within the balloon itself. The dedicated controller unit activates this element thereby heating the fluid (5% dextrose and water) after it is injected into the balloon by the surgeon, and uses microcircuitry to monitor the parameters of balloon pressure and fluid temperature and to automate treatment duration. The TC II and III devices were modified by the insertion of an impeller at the end of the catheter that serves to circulate the heated fluid within the balloon's cavity. For each of the 3 systems the target balloon temperature (871C) and pressure (160 to 180 mm Hg) and the duration of treatment are the same (8 min). The data generated in all but one published clinical trial were based on uteri that had an endometrial cavity plus cervical canal length less than 10 cm (sounded fundus to external cervical os), and one that was symmetrical without congenital anomalies, polyps, or submucosal myomas. Because clinical outcomes are likely improved if the endometrial thickness is minimized, the manufacturer recommends that patients should either be mechanically treated with intraoperative curettage or undergo preprocedural medical suppression with gonadal steroids or GnRH analogs. In the clinical trials, the patient is generally given some sort of general or regional anesthesia, but local and/or neureleptic analgesia may be all that is necessary. 81, 82 There have been a number of randomized trials comparing TC EA to resectoscopic techniques. For FDA approval in the United States, the original TC system underwent a rigorous multicenter RCT in comparing it to REA with rollerball electrosurgical desiccation (performed by ''expert'' hysteroscopists) with follow-up at 1 year. 83 Subsequent reports have described a number of outcomes at 2, 3, and 5 years, including patient satisfaction and impact on bleeding volume with the validated PBAC. [84] [85] [86] The design was a 1:1 randomization scheme involving 275 subjects with HMB, no intracavitary lesions, and a sounded uterine length of 4 to 10 cm. Only a few minor complications were reported in the TC group whereas the rollerball ablation patients experienced 1 uterine perforation and 2 instances of distending media overload. Patient satisfaction with the therapeutic results was equal at 1 year (TC 95.9%; REA 99.1%) and the FDA-defined ''success'' rates (PBAC <75) were equivalent. The amenorrhea rates were higher for REA (27.2%) than for TC (15.2%) and there were 3 hysterectomies in the REA group versus 2 in the TC group. At 5 years, there were 61 of the original 131 patients treated with the TC system that were available for evaluation, the same number available from the resectoscopic comparison group. By this time, 21 of the evaluable women in each of the TC and resectoscopically treated groups had undergone hysterectomy; 3 and 2, respectively, underwent repeat ablation.
Another single-institutional RCT from the Netherlands also compared TC with rollerball ablation in 137 patients. 87, 88 Perioperatively there were a number of complications with REA that included uterine rupture and electrolyte imbalance related to excess absorption of distention media; no such complications were seen in the balloon ablation group. At 24 months the reduction in bleeding (as measured by the same PBAC system used in the US trial) was greater with balloon ablation but success rates (PBAC <185) and satisfaction rates (REA 75%; TC 80%) were equivalent.
Although it was not randomized, a large multicenter, multinational cohort study described results of TC balloon ablation for 260 women with DUB. 89 Results have been published describing the experience of 188 of the original 260 (72%) patients at 5 years after their procedure. 90 Of these 75% had avoided subsequent surgery altogether, whereas 21 had repeat ablation and 25 had undergone hysterectomy.
For any study with high attrition (loss to follow-up) and that is reported based on the evaluable patients, there exists the possibility that there is selection bias and that repeat surgery rates could be higher in the subset of women not available for evaluation, in this instance up to 5 years after the original surgery. Nonetheless, it seems that a substantial proportion of the treated women were able to avoid future trips to the operating room in the follow-up interval.
There is a relative paucity of information regarding the performance of the TC device in women with abnormal endometrial cavities, particularly those distorted by leiomyomas. However, a randomized trial involving 93 subjects compared treatment results of balloon ablation (under local anesthesia with conscious sedation) with REA ablation in patients with type II myomas (<50% of diameter within the endometrial cavity) that were up to 3 cm in diameter. At 1 year, bleeding outcomes were significantly and equally reduced in the 2 treatment groups. 91 
CRYOTHERAPY
The first clinical series describing intrauterine cryotherapy for AUB appeared almost 40 years ago. 3, 4 Subsequently, Pittrof and investigators 92 from the United Kingdom published a cohort of 67 women, 63% of whom experienced improvement in symptoms at follow-up intervals that ranged from 3 to 18 months. The Yale group reported a 75.5% amenorrhea rate at 6 months which dropped to 50.3% at 22 months in a group of 15 patients. 93 Collectively, this work allowed for the development of a NREA system based on cryotherapeutic principles modified for use within the endometrial cavity.
As a result, the FDA-approved device (Her Option, American Medical Systems, Minnetonka, MN) comprises a disposable 4.5 mm OD probe attached to a dedicated controller unit. The probe is passed transcervically into the endometrial cavity, usually with little or minimal requirement for dilation. When activated, the device creates an elliptical freeze zone about 1.5 mm deep by reducing the local endomyometrial temperature to less than -901C. Although there exists appropriate concern about the potential for such a freeze depth to involve adjacent structures such as bowel, the surgeon can monitor the depth of the freeze using transabdominal ultrasound. The required number of freeze cycles depends in part on the size and shape of the endometrial cavity, but usually numbers 2 or 3 contributing to a treatment time of about 10 minutes. Published data regarding the device has been limited to endometrial cavities that are without submucosal myomas and which sound to 10 cm or less. Consequently, preprocedural assessment with one or a combination of transvaginal ultrasound, saline infusion sonography and/or hysteroscopy is necessary to identify appropriate patients for cryoablation.
The clinical outcomes from the pivotal trial designed for the FDA approval process have been published at 12 94 and 24 months. 95 Patients enrolled into these trials had entry criteria that were similar to those for most of the other randomized trials performed in the United States. To be eligible, subjects were required to have objectively documented heavy uterine bleeding without regard to ovulatory status, but with careful exclusion of intracavitary abnormalities such as polyps or leiomyomas. The total enrollment was 279 subjects with a 2:1 randomization scheme that resulted in 193 patients assigned to cryoablation and 86 to resectoscopic endometrial electrodesiccation. At 12 months, 156 of the cryoablation patients were evaluable whereas 94 took part in the 24-month follow-up. The number of evaluable patients for the resectoscopic ablation group at 12 and 24 months were 72 and 43, respectively. Success rates were defined by reduction of the PBAC scores to less than 75 and were equivalent in the 2 groups at 12 months (cryotherapy 84.6%; REA 88.9%). Evaluation of the 2-year outcomes is a little difficult as amenorrhea rates are not 748 Munro reported. However, the investigators report that 7.0% of the cryoablation group and 8.1% of the resectoscopic group underwent hysterectomy in the follow-up period whereas repeat ablations were performed on 8.1% and 1.2%, respectively. 95 
FREE-HEATED FLUID
The rationale for developing balloons to contain heated fluid was the concern that free fluid would pass from the endometrial cavity either into the vaginal or through the fallopian tubes and into the peritoneal cavity. However, designing a balloon that can develop and maintain intimate contact with a spectrum of cavity configurations is a challenging task. As a result, there has been sustained interest in developing systems based around the concept of heated free fluid because of potential advantages with respect to treatment of distorted endometrial cavities, including those with submucosal leiomyomas. The HydroThermablator (HTA) (Boston Scientific Corp, Natick, MA) is a system based upon the instillation of free fluid into the peritoneal cavity under hysteroscopic monitoring. It has been approved by the FDA in the United States and is available in a number of countries worldwide. The device comprises a single use sheath that adapts to any of a number of 2.7 to 3 mm OD standard hysteroscopes, and which is connected to a proprietary controller unit that uses a saline bag mounted on an attached modified IV pole. The system uses low-pressure inflation of the endometrial cavity (<40 cm H 2 O) thereby dramatically reducing the incidence of fluid loss through the fallopian tubes. Furthermore, by creating an electronically monitored closed system, egress of fluid via either the cervix or fallopian tubes can be detected by reduction in circulating volume, thereby allowing automatic alarms and shut-off systems to act as safeguards. After dilation of the cervix and priming of the circuit, the telescope and sheath are placed transcervically into the endometrial cavity, when, after confirmation of intracavitary positioning, the microprocessor-controlled automated system is started. The process takes approximately 3 minutes to heat the fluid to 901C, 10 minutes to ablate the endometrium, and about 1 minute for the fluid to cool down at which time the device is removed.
All of the currently published series and the single clinical trial were performed on women who underwent medical pretreatment with leuprolide acetate; usually the 3.75 mg intramuscular dose. The only published clinical trial was the randomized comparison of 276 patients with DUB (no intracavitary or submucosal leiomyomas or endometrial polyps) treated with either HTA or with resectoscopic rollerball ablation in a 2:1 randomization scheme. 96 A report describing the 3-year results has also been published. 97 Of the 177 patients treated with HTA according to protocol, 167 were evaluable at 12 months and 135 were available for data collection at 3 years. At a year, bleeding was reduced to normal or less in 127 of these patients (94%) with 72 (53%) experiencing amenorrhea. Each of these results was similar to those for resectoscopic electrodesiccation; 91% and 46%, respectively. At 3 years, patient satisfaction was high for the patients in both groups (98% for HTA; 97% resectoscopic endometrial electrodesiccation) and hysterectomy was performed in 16 (9%) of the HTA group and 5 (6%) of the REA patients. There were 3 repeat ablations in each group-2% of the HTA patients and 4% of the resectoscopic group.
The device has been evaluated in uteri that sound from 4 to 10.5 cm, but despite the potential for treating abnormal endometrial cavities, the randomized trial included only patients without 98, 99 but prospective trials will be necessary to confirm such an impression. Regardless, because of these limitations, selection of appropriate patients requires preoperative assessment with one or a combination of transvaginal ultrasound, saline infusion sonography, and/or hysteroscopy.
MICROWAVE
The use of microwave energy for performing NREA was initially published in 1995. 100 Microwaves occupy the part of the electromagnetic spectrum between radio and infrared waves and exert their effect first by direct heating of tissue, and then, in adjacent deeper layers, by thermal propagation. There are currently 2 versions of the microwave endometrial ablation (MEA) device, one reusable and one disposable (FemWave Microsulis Americas, Waltham, MA), each of which comprises a 8 mm OD probe, calibrated to 15 cm, attached to a dedicated control module by a reusable cable. The microwave frequency is 9.2 GHz, the power output 30 W, and the local tissue is heated to about 901C, achieving an aggregate depth of tissue necrosis of about 5 to 6 mm (direct plus indirect). The probe also contains an integrated thermal coupling device that transmits information about adjacent tissue temperature back to the control module for display on a screen. Activation and control of the device is entirely in the hands of the surgeon. The device has the capacity to treat uteri with a sounded cavity length of up to 14 cm, but, at this time, there are limited data available for cavities that exceed 10 cm, a length that is similar to that of other devices. Consequently, as is the case with other systems, it is necessary to perform ultrasound, saline infusion sonography, and or hysteroscopy to identify appropriate patients for microwave ablation.
Patients may be treated with local anesthesia, conscious sedation, or using regional or general anesthetics. 101 Once the cervix is dilated and imaging (currently with hysteroscopy) confirms that the hysteroscope is within the endometrial cavity, and that the canal and cavity are intact (no partial or complete perforations), the microwave probe is inserted to the uterine fundus. When the measured temperature of the tissue around the probe reaches 301C, the machine is activated and the surgeon uses sweeping movements in the horizontal plane until a treatment temperature threshold is reached (801C). Then the operator ''covers'' the entire endometrial surface in a preordained manner from the fundus down, gradually withdrawing the device while maintaining the local tissue temperature within a treatment band centered around 801C. When the tip of the probe reaches an area that approximates the location of the internal os, the device is deactivated and the probe removed. Treatment time is usually about 2 to 4 minutes.
The technique has been the subject a number of high-quality randomized trials. The first RCT involved 263 women, was performed in Scotland, and compared MEA to endometrial resection by expert surgeons with outcomes published at 1, 102 2, 103 and 5 years. 104 Surgical time was shorter for those treated with microwave ablation and there were 2 intraoperative perforations, one in each group, including one emergency hysterectomy in a patient undergoing resection. In addition, bleeding requiring intraoperative tamponade occurred in 6 of the resection patients, one of whom ultimately required readmission and hysterectomy. No such complications occurred in the microwave group. At 1 year of follow-up, 116 of the 129 assigned to microwave ablation and 124 of the 134 on whom endometrial resection was performed were evaluable, with 3-quarters of each group satisfied with their outcome at 12 months after treatment. At 5 years, 236 of the original 263 women were available for follow-up. Bleeding and pain scores both were significantly reduced and amenorrhea rates were similar (MEA 65%; REA 69%), but those assigned MEA more likely to be satisfied with therapy than those who underwent REA (86% vs. 74%).
Another high-quality RCT was performed in North America compared microwave ablation to REA by expert surgeons using rollerball ablation. 105 In this trial, 322 subjects were randomized to either MEA or REA in a 2:1 allocation scheme. Of the 215 patients allocated to MEA, 209 were treated with MEA with 194 evaluable at 1 year; of the 107 designated for REA, 106 were treated with 96 available for evaluation at 12 months. MEA treatment time was 3.45 minutes whereas that for rollerball electrodesiccation was 20.22 minutes. Unlike the Scottish randomized trial, there were no serious perioperative complications in either group of patients. At 12 months, and using intention to treat analysis, 87.0% and 83.2% of the MEA and REA groups had ''successful'' outcomes (PBAC scores <75). If only evaluable cases were considered (ie, only those treated according to assignment and evaluable at 12 mo) the rate rose to 96.4% and 92.7%, respectively. The rate of amenorrhea in evaluable patients was 61.3% for MEA and 51.0% for the resectoscopic group. At 1 year, 98.5% of the women undergoing MEA and 99.0% of those having REA were either satisfied or highly satisfied with their treatment.
This trial was unique in that it allowed subjects with submucus myomas of up to 3 cm diameter provided that they did not interfere with the positioning of the probe; such patients were available for subgroup evaluation. This is a similar diameter and configuration as those reported in the Soysal et al 106 study on TC balloon ablation. In the subgroup analysis of these patients treated by MEA, success, amenorrhea and patient satisfaction rates did not differ from those experienced by women with normally configured endometrial cavities without submucosal leiomyomas.
The previously described MEA trials, like those evaluating cryotherapy, balloon ablation, and free-heated fluid, all required that preoperative endometrial thinning be performed, either with suction curettage (TC) or with GnRH agonists (microwave, free fluid, cryotherapy). The MEA device has also been the subject of RCT comparing patients pretreated medically with those having the procedure performed without such medication, early in the proliferative phase of the cycle, when the endometrium is very thin. 101 In this trial of 210 patients, the 12-month amenorrhea rates were 55.9% in the early follicular phase group and 61.9% in the pretreated group, and satisfaction was similar in the 2 groups (92.5% early follicular; 88.4% pretreatment). Utilization of healthcare resources was less in the patients treated in the early follicular phase.
RF
The Novasure system (Cytyc Corporation, Palo Alto, CA) is a NREA device that uses RF electricity to perform automated EA. The system is based around a single use 7.2 mm OD probe that delivers a bipolar gold mesh electrode array attached to an expandable frame located at the distal end of the device. The electrode assembly also contains a cavity integrity testing system that is based on injection of a fixed volume of CO 2 after intrauterine placement of the probe. The probe is attached to a dedicated microprocessorbased controller unit. The Novasure device is restricted to cavities that are between 6 and 10 cm in length as measured from the external os to the fundus. An important feature of the NovaSure device is the fact that the technique allows performance of EA without mechanical or medical endometrial preparation.
Although most procedures are likely performed in operating theaters, EA with the Novasure device has been reported under local anesthesia with conscious sedation. [107] [108] [109] After cervical dilation to an appropriate diameter, and sounding of the length of the canal and endometrial cavity, the electrode assembly is inserted transcervically and the mesh electrode deployed by retraction of the outer sleeve. This action results in the electrodes assuming a triangular shape that conforms to the surface of a normal endometrial cavity. The surgeon then measures the intercornual distance using an output device on the probe and enters this value into the controller unit allowing the system to calculate the amount of power required for the specific uterus. Upon activation, the dedicated controller unit performs the uterine integrity test, and then, if successful, the unit is used to apply RF energy to the bipolar mesh simultaneously applying suction, thereby evacuating steam and carbonized debris. This process allows for electrosurgical vaporization and underlying desiccation in a relatively rapid fashion (approximately 80 to 90 s). The depth of this vaporization and desiccation varies-less in the cornual areas and more in the fundus and body-and is controlled by the increasing tissue impedance of the adjacent desiccated tissue, shutting the system off when it exceeds 50 O.
In the US trial, patients with leiomyomas or polyps less than 2 cm in diameter were allowed, but there was no subgroup analysis of patients with such lesions. 108 Consequently, the efficacy of the NovaSure device in the presence of submucosal myomas, even under 2 cm in diameter, remains unknown. As a result, patients with chronic HMB who are potential candidates for the Novasure device require pretreatment imaging of the endometrial cavity with sonohysterography or hysteroscopy.
The NovaSure device has been subjected to prospective observational studies 107, 110 and a RCT, comparing the device with REA 108 and other NREA techniques. 109, 111 In the randomized trial, 265 subjects were enrolled at 9 clinical centers in a 2:1 randomization scheme. The REA procedure was different from all of the other US NREA trials to date, as resection was used with subsequent electrosurgical desiccation with a rollerball electrode. Intraoperatively, and despite the fact that REA was performed by expert surgeons, there were 3 uterine perforations (3.3% of the total treated) versus none in the Novasure group. At 1 year, success, as defined by the study (PBAC scores r75) was experienced by 88.3% of the Novasure treated patients and 81.7% of those in whom endometrial resection was performed. The amenorrhea rates at 1 year were 41% for Novasure and 35% for endometrial resection. In the first year there were 3 hysterectomies in the Novasure group (1.3%) and 2 in the REA cohort (2.2%). The 1-year patient satisfaction rates were also similar with 92.8% of the Novasure patients and 93.9% of the REA patients reporting that they were satisfied or very satisfied with the outcome. Trials comparing Novasure to other NREA methods are discussed later.
OTHER NREA TECHNIQUES
Diode Lasers Low-power Nd:YAG lasers are under development for use in NREA systems. A Belgian study has reported initial and
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Munro 1-year follow-up results using this technique with outcomes similar to other NREA technologies. 112 The laser energy (wavelength 830 nm) was delivered to the endometrial cavity via a 6-mm OD probe with an expanded tripolar structure that in appearance is similar to an intrauterine contraceptive device. Each of the 3 poles delivers 5 to 7 W of power for approximately 7 minutes. The laser generator is very small in size, and, is considered to be less costly than previous laser devices. However, at this time, due to developmental difficulties with the device, it is not yet available.
Photodynamic Therapy
The potential application of photodynamic therapy for the treatment of HMB is being evaluated by a number of investigators. Successful destruction of endometrium with photosensitive agents has been reported in rat, rabbit, and monkey models. [113] [114] [115] The systemic or local pretreatment of target tissues such as endometrium with agents activated by monochromatic light can produce a local cytotoxic effect. For each photosynthesizer molecule, a specific wavelength (usually laser light), accurately matched to the absorption peak, must be used to produce local tissue necrosis. The activated photosensitizer molecule is thought to react with tissue oxygen producing singlet oxygen which is cytotoxic. A preliminary pilot study of 16 patients resulted in reduced uterine bleeding for 3 months that recurred over the subsequent months. 116 These systems clearly need refinement before larger scale trials are justified.
Chemoablation of the Endometrium
Topically administered caustic agents have been used to destroy epithelial lesions such as those secondary to human papillomaviral infection. Such an approach has been evaluated for the performance of EA in patients with HMB using 95% tricholoracetic acid, the same substance used for the topical treatment of exophytic human papillomaviral infection. 93, 117 In these trials, the volume of tricholoracetic acid was predetermined based upon anticipated cavity volume, and the material was inserted into the endometrial cavity via a 3 mm diameter catheter. The authors also report on their laparotomy studies performed before the clinical trial that helped confirm that intraperitoneal spill was unlikely. In the randomized trial 93 the objective was to determine the impact of pretreatment with GnRH agonist on outcome. All patients enrolled were treated in a procedure room, without anesthesia, and all went home the same day. There were no reported procedural complications. The 1-year amenorrhea rates were 31.1% in the GnRH pretreatment group and 26.7% in the group without pretreatment. Bleeding was reduced or normal in 68.9% of those without pretreatment and 66.7% of those with pretreatment. The authors report patient satisfaction at 93.3% and 95.6% in the nonpretreated and pretreated groups, respectively. If confirmed in other centers, this type of therapy could be somewhat revolutionary as outcomes are similar to those of some of the NREA devices.
COMPARISONS OF ONE NREA DEVICE TO ANOTHER
Although there are abundant trials comparing REA to NREA techniques, there has been a relative paucity of comparative studies involving 2 or more NREA devices. In a review of the literature via MEDLINE and the Cochrane Database, no comparative trials were found involving the HTA device or the cryotherapy system called ''Her Option.'' However, there were trials involving MEA, Novasure, and 2 of the balloon ablation systems, TC and Cavaterm.
Endometrial Ablation: Where Have We Been? Where are We Going?
Two double blinded, RCTs have been published comparing the RF bipolar device, Novasure, to balloon ablation techniques, one using Cavaterm 90 and the other with TC. 111 The Cavaterm trial enrolled 57 women and randomized than in a 2:1 schema favoring Novasure. Those assigned to the Novasure group had no preoperative preparation of the endometrium whereas those treated with the Cavaterm balloon had preoperative mechanical preparation of the endometrium with suction currettage. The results at 1 year confirmed that both interventions were effective but showed that although amenorrhea was more likely with Novasure (43% to 11%) the chance of failing with Novasure was higher than for Cavaterm (13% to 0%). The authors note that there were problems with the generator unit in 3 of the 5 women undergoing Novasure ablation who went on to have hysterectomy. There were no hysterectomies in the follow-up period in the Cavaterm group.
The RCT comparing Novasure and the original TC device also followed a 2:1 randomization scheme with 83 of the 126 subjects assigned to Novasure and 43 to the thermal balloon. Similar to the Cavaterm versus Novasure trial described above, the TC patients underwent preprocedural mechanical thinning of the endometrium with suction currettage. There was also a generator problem encountered with the Novasure controller unit that was not discovered until 44 subjects had been treated. The generator was replaced and enrollment into the trial continued with clinical outcomes reported considering both the entire treatment cohort (intent to treat analysis) and by including only the patients who were randomized after replacement of the generator. The patients were followed to 12 months postprocedure using PBAC as the primary outcome. The rate of amenorrhea in the entire cohort in the Novasure group was 43% (34/83) and for those assigned to TC 3% (3/43) . When the patients treated before changing the generator were excluded, 56% of those treated with Novasure experienced amenorrhea, a proportion that is consistent with the results obtained in other RCTs. For both treatment groups, therapy was generally successful as the mean PBAC scores reduced to the normal range, but the magnitude of the decrease was significantly greater for the Novasure group. There were 4 hysterectomies in each group in the 12-month follow-up interval.
As previously mentioned, the Menotreat device has been compared with Cavaterm in a relatively small RCT with only short-term follow-up with similar clinical outcomes. 79 Balloon ablation has also been compared with MEA with the MEA device in a cost modeling exercise based upon existing data. 118 The conclusions of this group were that thermal balloon ablation and MEA were similar with respect to overall resource utilization and that both were much less expensive than hysterectomy.
USE OF NREA DEVICES IN AN OFFICE SETTING UNDER LOCAL ANESTHESIA
As noted above, in RCTs, clinical outcomes associated with NREA systems are similar to those achieved by expert surgeons performing REA by one or a combination of rollerball electrodesiccation and transcervical resection. However, the per case device costs of NREA devices are substantial (approximately $1000 US in 2006), an amount that is much greater than the combination of disposable and amortized per case costs of REA. Although optimal clinical outcomes and minimal complications with REA are achieved with expert surgeons, a wider spectrum of endometrial cavities can be treated because of the limitations inherent in the design of NREA systems. Consequently, maximal value of NREA devices will only be achieved when their safety and simplicity is applied in environments that are less resource intense than standard operating rooms as evidence already exists demonstrating that local anesthesia in standard operating rooms is unlikely to reduce costs. 119 Ideally, to minimize risk and the need for the personnel and equipment required for conscious sedation, NREA would be performed in an office procedure room setting without the need for parenteral systemic analgesics or anxiolytics. However, provided such resources are available, office-based conscious sedation would likely be less resource intense and therefore, less expensive than a traditional operating room or ''surgicenter.''
The only clinical trial of ''local anesthesia'' has compared Novasure to TC in a prospective, multicenter, nonrandomized evaluation of intraoperative pain in 67 patients who also received standardized intravenous sedation with fentanyl citrate. 109 Thirty-seven of the patients self selected the Novasure device whereas the other 30 chose to be treated with TC. The primary outcomes were numeric and visual analog scales that purport to show both higher procedural pain scores for TC patients and a longer duration of procedural pain consistent with procedure time-approximately 1.5 minutes for Novasure versus 8 minutes for TC. Notably absent from this study design was a description of the location of the procedures which may have been performed in standard operating rooms. There was also no specific evaluation of the pain experienced by the patients during dilation of the cervix which could impact the overall results. Finally, only a single pain score was obtained for the procedure and the investigators took the liberty to multiply that pain score times the duration of the procedure, plotting the imputed results on a graph that could be interpreted as being created from serial data points, in stead of one. Consequently, and unfortunately, the results of this study may not reflect the total picture of pain associated with these 2 modalities and, consequently, notwithstanding the use of fentanyl, it is difficult to use these results to evaluate applicability to the office environment.
There are a number of published series that have reported the use of single NREA systems using local anesthesia. Hydrothermablation has been investigated in 2 published series using the office without requirement for parenteral anxiolytics or analgesics. 120, 121 In one study, performed in the Northern California Kaiser system, 54 patients were treated using preoperative oral agents including hydrocodone-acetominophen and intramuscular ketorolac and atropine. The procedure was then performed using intracervical mepivicaine. All patients were apparently treated successfully in the office environment but no pain or satisfaction scores were provided. In the other series, from the United Kingdom, the only preoperative medication was mefenamic acid and the only procedural anesthesia was provided with a 1% lidocaine adrenaline solution injected intracervically and paracervically. These patients were selected based on preference and were usually parous, but all procedures were completed with maximum median pain scores of 6.4 (Range 4.0 to 8.9).
MEA has been evaluated in the context of a RCT comparing patients treated under ''local'' anesthesia with general anesthetic. 122 Although local anesthesia was generally well accepted, procedures were performed in the formal operating ''theater'' regardless of the type of anesthesia assigned/performed. In this trial there were no cost savings when MEA was performed under local anesthesia, but, in a cost modeling exercise published subsequent to the Endometrial Ablation: Where Have We Been? Where are We Going?original study, predicted per case savings would be significant. 119 Studies evaluating the use of balloon NREA (TC) have showed that the procedure may be accomplished successfully in the office setting. A series of 20 women were treated in an office setting having received a diclofenac suppository 1 hour preoperatively and a paracervical block with 10 mL of 1% bupivicaine. One patient was nulliparous, all were successfully treated with a median visual analog scale (0 to 10) score of 4.0 (0.1 to 9.9), and all left the clinic within 65 minutes of the procedure. 123 In another study of 27 women, 14 were treated, under an institutional review boardapproved protocol, without any preprocedural anesthesia, then, the subsequent cohort of 13 women underwent TC NREA after taking 3 600-mg ibuprophen tablets at predetermined intervals before the procedure. In each of these 2 groups of patients, 1 case was abandoned because of inability to dilate the cervical canal, and 1 woman in the nonpremedicated group terminated the procedure midway through. Dilation and treatment scores were similar but those without ibuprofen pretreatment requested ''rescue analgesia,'' usually with nitrous oxide, in 4 instances, features that confound the pain scores recorded. Nausea and vomiting after the procedure seemed to be less frequently encountered in the pretreated group.
There have been no published studies expressly oriented to the evaluation of cryoablation with the Her Option device. However, in the RCT performed for the purposes FDA approval the patients undergoing EA were stratified according to the method of anesthesia/analgesis used for the index procedure. 124 Although the method of reporting makes it difficult to determine which patients could be treated in an office situation, about 10% of the cohort had only local anesthesia whereas about 40% had a combination of local anesthesia and conscious sedation.
From the studies discussed in the preceding paragraphs, it is apparent that performance of NREA in the office setting is feasible, at least for the majority of the systems in selected patients. However, it seems that at least some anesthesia is optimal and that the full potential of local anesthetics, considering the differences in innervation of the corpus and cervix, has not been fully exploited; the design of future studies should be undertaken with this in mind. 122 The use of conscious sedation is problematic for many practitioners considering use of NREA in an office setting, because of the prerequisites for appropriately trained staff and monitoring equipment. Nevertheless, changes in US reimbursement policy allowing surgeons to bill for technical fees associated with NREA may stimulate a greater degree of development and critical analysis in this area.
COMPARISONS OF NREA DEVICE TO INTRAUTERINE PROGESTIN RELEASING SYSTEMS
Early high-quality trials involving the LNG-IUS demonstrated that hypomenorrhea and even amenorrhea were common events. 125 A subsequent randomized trial of women on a waiting list for HMB resulted in 64.3% of those assigned to the progestin IUD canceling surgery compared with 14.3% of those who remained on oral medical therapy. 126 These and other studies suggested a place for the LNG-IUS in the management of HMB.
There have been 2 RCTs comparing the LNG-IUS to REA performed by expert surgeons, each with somewhat similar results. 127, 128 In the Italian trial with a total of 70 patients, 12-month results were similar with objectively measured blood loss being reduced by 79% in the LNG-IUS group and 89% for those assigned to endometrial resection; there were also high-satisfaction scores and similar rates of amenorrhea/ hypomenorrhea in the 2 groups. 127 In the Norwegian trial comparing 30 women assigned the LNG-IUS and 29 treated by REA, both groups experienced significant blood loss, although more patients in the REA group than the LNG-IUS group attained treatment success (90% for REA; 69% for LNG-IUS). The 3-year results of this trial suggest that, if anything, the outcomes remain generally successful and become more similar with time. 129 Given that the REA procedures in these trials were performed by surgeons with extensive experience, one could infer that in general use, the LNG-IUS results would more likely be similar to, if not better than those achieved by resectoscopic technique.
There now exist a number of well-designed studies comparing the LNG-IUS with various NREA devices. TC balloon ablation has been compared with the LNG-IUS system called Mirena (Berlex, Montville, NJ). 130 In this randomized trial, 36 patients received the levonorgestrel device whereas 36 were allocated to receive balloon ablation after undergoing medical pretreatment with the gonadotropin releasing hormone agonist goserelin (Zoladex). At 12 months, both interventions were successful, with pretreatment and 12-month PBAC scores of 417 (± 81.4) and 21.8 (± 14.0) for balloon ablation and 408 (± 101.0) and 55.0 (± 1.5) for the levonorgestrel device. Quality of life scores were not quite as high in the levonorgestrel group in some sections of the assessment but similar in most. In another RCT from New Zealand, 79 women were randomized to the LNG-IUS or TC balloon ablation and followed periodically for at least 2 years. 131 In this trial the PBAC scores were lower in the IUS group, and the amenorrhea rates were higher, but there were no differences in patient satisfaction and health-related quality of life scales. Ablation with the MEA device was compared with the LNG-IUS in a retrospective study of 62 patients published in 2002. 132 Both interventions were effective with an average follow-up of 14 months and there were no differences in effectiveness, acceptability, or quality of life outcomes. A recent modified Cochrane systematic review has compared the randomized trials involving oral medical therapy, the LNG-IUS, REA, and hysterectomy. 133 Aside from noting that oral therapy suits only a minority of women long term, the LNG-IUS, REA, and hysterectomy were all equivalent with respect to satisfaction and quality of life outcomes.
It is evident that the progestin releasing IUS is a compelling competitor for EA, whether it is performed by resectoscopic technique or using one of the nonresectoscopic systems discussed above. Convenience and cost are 2 important factors. The device can almost always be inserted in a relatively brief office visit rather than in the context of an operating room, such as is the case for resectoscopic ablation. It is less expensive than a NREA device at least at present, although a single LNG-IUS device has a limited period of efficacy that will be no longer than 5 years. Repeated insertions would erode cost advantages associated with LNG-IUS use.
Summary
EA was originally developed for patients suffering from disabling HMB with no desire for future fertility, and who were poor surgical candidates for hysterectomy. However, provided fertility is not an issue, EA is now an option for otherwise healthy women who have failed or refused medical intervention or in whom medical treatments are not well tolerated. High-quality evidence suggests that for appropriately selected patients these ablative procedures typically reduce menstrual blood flow significantly, and may decrease the severity of other associated symptoms. In expert hands, both REA and NREA techniques seem to result in similar degrees of patient satisfaction and failure rates. However, it is clear from longer-term trials, that although most women are initially satisfied, many subsequently choose or require either repeat EA or hysterectomy. The reasons for these treatment failures are still not clear and deserve further study. For example, it is possible that those with anovulatory HMB might be less likely to find satisfaction with EA than those women with ovulatory bleeding. Alternatively, given the apparent prevalence of otherwise occult von Willebrand disease, it is possible that some if not many of the ''failures'' may be related to undiscovered cases of coagulopathy.
The training, required operative environment, and complications associated with REA were collective stimuli for the development of the plethora of nonresectoscopic techniques now available for treating HMB. Clearly, with normal or near normal endometrial cavities, these techniques have similar outcomes both to each other and to the resectoscopic techniques. In addition, in each comparative trial, there seem to be fewer serious or potentially serious complications such as uterine perforation or fluid overload when NREA techniques are used as compared with resectoscopic techniques. It should also be appreciated that in the clinical trials, expert resectionists are performing the proceduresavailable evidence suggests that REAassociated complications may occur more frequently when the procedure is performed by the general population of gynecologists. Nevertheless, it is apparent from the FDA's Manufacturer and User Facility Device Experience database, the NREA techniques are not exempt from serious complications as uterine perforation and bowel injury has been reported in association with each of the approved devices.
There are other limitations to current NREA technology. To a greater or lesser extent, each NREA system has limitations related to one or a combination of the size and configuration of the endometrial cavity that prevents general application of any device to the HMB population. From the available data, it is apparent that the MEA device has been subjected to rigorous analysis in the largest spectrum of endometrial cavity size and myoma-related cavity distortion. However, both the HydroThermablator and at least the TC balloon have published data demonstrating efficacy in the presence of type II myomas 3 cm or less in diameter, and it is possible that the Novasure and Her Option devices are effective in a larger spectrum of endometrial cavity configurations than were included in the available clinical trials. However, despite these considerations, there exist a number of women who wish EA who will not be candidates for any of the devices and who may be better served with resectoscopic techniques. Consequently, having individuals with expertise in these techniques is still important for healthcare systems.
There seems to be a clear need for more rigorous evaluation of the resource utilization associated with EA in general compared with hysterectomy, and for REA compared with NREA. The Aberdeen experience suggests that direct costs of EA may be greater than hysterectomy if patients are followed long enough after their index procedure. However, despite this, for many women, indirect costs of EA may still be much less than for hysterectomy, and therefore may be a significant factor to be considered as they make their choice. For example, the self-employed lawyer with HMB will be back earning money sooner if she has an EA instead of a hysterectomy, and that even if an additional EA is required in a few years, the net economic impact to her will be less than hysterectomy. Such indirect economic advantages may not be so significant for women of lower socioeconomic status.
From available data, it could be surmised that most patients undergoing NREA are still being treated in resourceintensive surgical environments like traditional operating theaters. Where this is the case, the single use costs associated with NREA could actually increase the cost of providing the procedure, because per-use costs of resectoscopes are relatively low. It seems incumbent on investigators and healthcare delivery systems to collaborate in a fashion that would shed more light on this issue.
The addition of the levonorgestrel releasing IUS to the list of medical interventions has added a new dimension to the therapeutic armamentarium. Not only does the device seem to offer similar success rates for the treatment of heavy uterine bleeding (at least in the absence if intrauterine lesions) but it preserves the option of future fertility and is a procedure that can virtually always be accomplished in an office setting with relatively little surgeon training.
Ultimate judgment of the value of EA awaits the results of more of carefully crafted long-term longitudinal studies that compare the economic, social, and medical benefits of hysterectomy to EA for the treatment of AUB.
